Cell divisions are essential for tissue growth. In pseudostratified epithelia, where nuclei are staggered across the tissue, each nucleus migrates apically before undergoing mitosis. Successful apical nuclear migration is critical to preserve tissue integrity during cell division. Most previous investigations have focused on the local cellular mechanisms controlling nuclear migration. Yet, inter-species and inter-organ comparisons of different pseudostratified epithelia suggest global tissue architecture may influence nuclear dynamics, but the underlying mechanisms remain elusive.
Introduction
Successful mitosis in densely packed epithelia relies on the ability of cells to round up. Rounding is driven by reorganisation of cellular actin into a highly contractile actomyosin cortex at the cell membrane [1-6] and generates the physical space required for mitotic spindle assembly and chromosome separation [2, 7] . Indeed, mitotic rounding is required to resist the mechanical constraints exerted by neighbouring cells and prevent aberrations or failure of mitosis [3, 8] . In most epithelia, mitotic cells round up at the apical surface of the tissue, facilitating planarorientated cell divisions [9, 10] . Maintaining cell divisions in the plane of the epithelium preserves mono-layered epithelial organisation and tissue integrity, and prevents cancerous delamination of cells [9, 11] .
Pseudostratified epithelia (PSE), where nuclei are staggered across an epithelial monolayer, present amongst the most densely packed tissue organisation. PSE are found in abundant and diverse developing tissues, from the intestine [12] to the neural tube [13] and the neocortex [14] . Accordingly, the architecture of PSE can differ drastically, varying in height, nuclear composition and curvature [15] . For instance, PSE can range from 20 µm to several millimetres (reviewed by [16] ).
Similarly, the number of nuclei staggered across the monolayer can vary, as can nuclear density [15] . The often extensive height and nuclear layering, warrant that for division to occur apically, many PSE must translocate nuclei to the apical surface prior to mitosis, a process referred to as interkinetic nuclear migration (IKNM) [17] .
Investigations of IKNM have revealed a variety of mechanisms driving nuclear movement (reviewed in [15, 16, 18] ). Tall neuroepithelia found in the developing cortex utilise microtubule-dependent mechanisms [19] [20] [21] [22] [23] , while shorter neuroepithelia, including the zebrafish retina and hindbrain utilise actomyosindependent mechanisms [24] [25] [26] [27] . In both cases, apical nuclear movement occurs in the G2 stage of the cell cycle, prior to mitotic rounding [20-22, 24, 25] . However, examples of Drosophila tissue of similar height to the zebrafish retina and hindbrain, primarily the wing imaginal disc [26] and the short, pseudostratified neuroepithelia [27] , appear to drive nuclear movement coincident with mitotic cell rounding, a mechanism conserved from sea anemone, Nemostella vectensis [26] .
Even though previous studies have mostly focused on the processes controlling IKNM locally, in individual cells, comparative studies of PSE suggest that IKNM dynamics might also be influenced by tissue architecture. Comparison of IKNM in the mouse and ferret cortex, show a reduced rate of apical motion in denser and stiffer tissue [28, 29] . Furthermore, faster apical nuclear movements are observed in the developing zebrafish hindbrain compared to the retina, which differ in tissue shape [25] . The retina exhibits positive curvature at the apical surface, whereas the hindbrain is flat. Mechanical constraints exerted by the epithelial morphology may give rise to the observed differences in nuclear dynamics. This idea is supported by evidence for mechanical regulation of cell differentiation in the developing zebrafish neural tube, where gradual apical nuclear crowding alters the positioning of progenitor nuclei and thus their exposure to signalling molecules [30] . To what extent, and how tissue properties influence nuclear dynamics remains unclear, as currently, only epithelia from different species have been directly compared [28, 29] .
Here, we use the Drosophila wing disc to investigate the effect of tissue architecture on IKNM in a single epithelium as it grows and changes in morphology. The larval wing disc is a monolayered epithelial structure comprised largely of a pseudostratified, columnar layer that increases in size until transforming into the adult fly wing. We find that mitotic nuclear dynamics change over the time course of wing disc development, coincident with changes in tissue height, nuclear layer composition and cell density. We then use genetic and mechanical perturbations to alter cell density and find a marked effect on apical mitotic positioning, indicative of altered mitotic nuclear dynamics. Finally, we investigate the role of Rho kinase (Rok) and the formin Diaphanous (Dia), two key drivers of mitotic rounding [2-4, 8], in IKNM. We show that while Rok is indispensible for efficient apical nuclear movement and mitotic positioning at all developmental stages, the dependency on Dia increases as development, and thus cell density, increases. Our findings reveal how the mechanical environment imposed on cells confined within a tissue can influence molecular and cellular mechanisms.
Results
Wing disc development is associated with increased tissue height, nuclear layering and cell density
To identify features of cell and tissue morphology that may influence mitotic nuclear behaviour, we first characterized how the apico-basal architecture of the larval wing disc epithelium changes during development. We focused on wing discs at 72, 96 and 120 hours after egg laying (AEL) as they exhibit distinct tissue morphologies.
Wing discs at 72 hours AEL are mostly flat, while discs at 96 and 120 hours AEL display three characteristic tissue folds but have clear differences in their projected surface areas between the two time points [31, 32] (Figure 1A ). We fixed wing discs at the three selected developmental stages and stained for actin, nuclei and mitotic cells, using phalloidin, DAPI and anti-phospho histone H3 (PH3) staining, respectively. We then quantified epithelial architecture in the pouch region of the wing disc ( Figures 1A, S1A ). We found at 72 hours AEL, the apico-basal height of the pouch epithelium measured 20.75 ± 1.38 µm, increasing to approximately 28.02 ± 1.95 µm at 96 hours AEL and finally 38.79 ± 3.09 µm by 120 hours AEL ( Figures   1A,A' ,B' and S1B). We observed that the increasing epithelia height also accompanied differences in the nuclear layer organisation along the apico-basal axis ( Figure 1A' ). To quantitatively assess nuclear organisation along the apico-basal axis, we measured the heights of three characteristic zones along this axis: the apical proliferative zone, the nuclear layer and the basal nucleus-free zone ( Figures   1A'-B' and S1A-E). The apical proliferative zone was defined as a region largely devoid of interphase nuclei, but occupied by mitotic cells rounded at the apical surface. The nuclear layer comprised the region directly below the apical proliferative zone, where interphase nuclei adopt staggered positions, characteristic of PSE.
Finally, the basal nucleus-free zone was the region below the nuclear layer devoid of all nuclei. We found that the most striking change in height through development was displayed by the nuclear layer, which started at a height of 10.95 ± 1.01 µm at 72 hours AEL, increasing to 16.91 ± 1.409 µm at 96 hours AEL and finally 22.26 ± 1.97 µm at 120 hours AEL ( Figures 1A',B ' and S1D). We also found that the average number of nuclei stacked across the nuclear layer, as well as nuclei density, increased as development progressed (Figures 1C, D) . This is consistent with the suggestion for the vertebrate cortex, that nuclear layering increases when cell number increases faster than the accommodating surface area [33] .
Together, our findings demonstrate that during the development of the wing disc, the layering of nuclei increases and nuclei pack closer together to accommodate the increasing cell number accompanying growth.
Developmental changes in tissue architecture are associated with distinct patterns of mitotic nuclear positioning
We then asked whether mitotic nuclear behaviour differed in discs with different PSE architectures. Previous work in the wing disc has proposed that apical positioning of the mitotic nucleus occurs during mitosis, by observing mitotic nuclei at, or close to the apical surface, and their mislocalisation away from the apical surface upon perturbation of mitotic rounding [26] . We therefore used PH3 immunostaining to mark mitotic nuclei and measured the distance from the centre of PH3+ nuclei to the apical surface at the distinct developmental stages, in the pouch region of the discs ( Figure   1E ). While the majority of PH3+ nuclei were within a few microns of the apical surface, we found that as development progressed, more PH3+ nuclei were positioned further from the apical surface (Figures 1E',E '') . We observed non-apical PH3+ nuclei exhibited centrosome arrangements reminiscent of early mitosis ( Figure   S1F ). As metaphase always occurs at the apical surface in wild type wing disc, this indicates that our fixed tissue analysis captures cells at different stages of IKNM. The developmental differences in the length of the nuclear layers, and their position within the epithelium, impacts the potential distance a mitotic nucleus may travel during IKNM. To account for these differences we normalised each distance to the combined height of the apical proliferative zone and the nuclear layer (the "nuclear region", see Figure S1G ). Upon normalisation, we found that mitotic nuclei were the most apically distributed at 96 hours AEL compared to wing discs at 72 and 120 hours AEL (Figures S1G' and S1G '') .
Together, our results indicate that differences in epithelial morphology that accompany wing disc development may influence the distribution of mitotic nuclei captured in fixed tissues. ;.6./1*<0,520=.0-+>,8?: 
Directed apical nuclear movement accompanies mitosis
The broader distribution of mitotic nuclei from the apical surface as development progresses suggests there could be differences in mitotic nuclear dynamics (Figures 1E-E'' and S1G-G '') . In order to examine whether there is a developmental influence on mitotic nuclear dynamics, we first verified that apical movement is in fact driven during mitosis in the wing disc PSE. We live-imaged wing discs expressing Non- In our analysis of the nuclei trajectories, we found that the average instantaneous nuclear velocities initially fluctuated around 0, followed by a persistent increase in instantaneous nuclear velocity for all developmental stages ( Figures 2B, 2C and 2D). 
Mitotic nuclear dynamics depend on tissue architecture
We next asked whether differences in nuclear dynamics between developmental stages could explain the differences in mitotic positioning observed in fixed tissues '') . First, we compared nuclear velocities specifically during the mitotically-driven, persistent apical movement at each developmental stage. We found that the average mitotic nuclear velocity was greatest at 96 hours AEL (0.89 ± 0.39 µm/min), compared to 72 (0.54 ± 0.21 µm/min) and 120 hours AEL (0.59 ± 0.19 µm/min) ( Figure 2E To further explore how tissue architecture affects nuclear dynamics, we exploited the folds forming in the wing disc at later developmental stages, where the disc locally displays strongly contrasting epithelial morphologies. The fold region possesses distinct folds that have opposing curvature ( Figure 2G ). At the apical side of the disc, the exposed fold (thereafter apically expanded fold, AEF) has cells with a larger apical than basal surface ( Figure 2G ). On the basal surface of the disc, cells in the exposed fold (thereafter apically constricted fold, ACF) have a smaller apical than basal surface area ( Figure 2G ). We imaged the AEF and ACF folds separately in discs at 120 hours AEL, expressing Sqh-GFP and His-RFP. We first quantified the epithelial morphology and revealed differences in nuclear layer heights ( Figure 2H ), and a greater nuclear density in the AEF compared to the ACF ( Figure 2I ). We then tracked nuclei within the fold regions and found striking differences in nuclear dynamics (Figures 2J-K and S2F-I). We observed a significantly greater apical mitotic nuclear velocity in the ACF, at 0.77 ± 0.22 µm/min versus 0.35 ± 0.15 µm/min for the AEF ( Figure 2K ).
Together, our analysis suggests that epithelial morphology can influence mitotic nuclear dynamics.
Early phase Late phase
Early phase Late phase 00:00 -00:02 -00:04 -00:06 -00:08 -00:10 -00:12 -00:14 -00: 16 His-RFP Sqh-GFP -00:08 -00:10 00:00 -00:02 -00:04 -00:06 -00:08 -00:10 -00:12 -00:14 -00:16 -00:18 -00:20 -00:22 -00:24 -00:26 -00:28 -00:30 // * * * * * * * 00:00 -00:02 -00:04 -00:06 -00:08 -00:10 -00:12 -00:14 -00:16
Figure 2 Mitotic nuclear dynamics depend on tissue architecture
(A-A') Averaged tracks of mitotic nuclei within the wing disc pouch region at 72, 96 and 120 hours AEL, obtained by measuring distances illustrated in F, 72hr. 0 minutes is defined as the final metaphase nucleus. Black dotted line highlights inset shown in A' enlarging region presenting the transition to directed apical movement. All tracks are presented in Figure S2A 
Perturbing cell density influences mitotic nuclear positioning
To directly test whether cell density regulates mitotic nuclear behaviour, we genetically and mechanically perturbed cell density and quantified nuclear position in fixed tissues. We first took advantage of a phenotype in the wing disc produced by the reduction of Perlecan (Trol), a component of the extracellular matrix. Expression of trol-RNAi has been shown to reduce wing disc surface area, while not affecting the number of cells in the adult fly wing [34, 35] . We characterised how trol-RNAi Figure S3D,D' ). This suggests that the distance mitotic nuclei can migrate is unlikely to give rise to differences in mitotic position, and instead may be due to differences in cell density.
To test if cell density was indeed a key feature affecting nuclear dynamics, we developed a manipulation through which we could acutely change cell density, while minimally affecting the nuclear layer height. To this aim, we used a mechanical device [36] to stretch or compress the tissue ( Figure 3E ), which lead to a reduction and increase in cell density, respectively ( Figure 3 ). Wildtype discs were cultured ex vivo within the device for 30 minutes in anchored (unperturbed), stretched or compressed conditions ( Figure 3E ). We found that whilst the height of the whole tissue was altered when wing discs were stretched or compressed, compared to These results strongly support a direct role for cell density in regulating mitotic position within the tissue and therefore, a likely role in regulating nuclear dynamics. 
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Rok is required for apical mitotic nuclear movement at all stages of development
We next asked whether the molecular machinery driving nuclear movements changes as the cell density changes with development. We first explored the role of Rok, a known effector of mitotic nuclear movement in the wing disc [26] and the zebrafish neuroepithelium [24, 25] , which is also required to generate force for Figures 5A and S5A-B '') . We first assessed the effects on mitotic positioning in fixed tissue. Upon dia-RNAi, we found mitotic nuclei were distributed further from the apical surface at 96 and 120 hours AEL, than at 72 hours AEL, compared to their age-matched controls (Figures 5B,B' and S5C,C'). These observations suggest that there might be development specific differences in the requirement for Dia in nuclear dynamics.
We then tracked nuclei in dia-RNAi expressing wing discs and analysed the nuclear dynamics of mitotic cells. We observed a significant defect in mitotic nuclear dynamics upon Dia depletion at 72, 96 and 120 hours AEL, however, visual inspection of the trajectories suggested the defects increased through development ( Figures 5C-D' '' and S5D-G) . To explore this further, we first assessed the success of apical positioning by plotting the final distance of the metaphase chromosomes from the apical surface. We found the distance from the apical surface at metaphase was significantly higher in dia-depleted wing discs compared to age-matched controls, and this defect increased through development ( Figure 5E ). We then analysed whether the nuclear velocity at mitosis was affected by Dia depletion. We observed a reduced mitotic nuclear velocity ( Figure S5H ) and instantaneous velocity at the late phase ( Figures 5F-H) in Dia-depleted epithelia, compared to internal controls. To assess whether there were differences in the extent of the effect between developmental stages, we normalised the mitotic nuclear velocities to the average mitotic nuclear velocity of the age-matched control region. We found that the difference between the normalised velocities with dia-RNAi increased during development, with the greatest reduction in normalised velocity at 120 hours AEL ( Figure 5I ) when nuclei are most tightly packed ( Figure S5I ). As in Rok-depleted wing discs, when nuclei failed to reach the apical surface due to dia-RNAi expression, they often exhibited defects in planar-oriented cell division ( Figures 4C and S4E, white arrow heads).
It has previously been shown that Arp2/3-mediated actin polymerisation is not required for mitotic rounding upon confinement [3] . We therefore asked whether Arp2/3 is also dispensable for mitotic nuclear movement. We used the Arp 2/3 complex inhibitor CK666 to treat 120-hour discs expressing the cell-membrane marker Basigin-GFP, and His-RFP to mark nuclei, and tracked nuclear movement.
We found that inhibiting Arp2/3 actin polymerisation had no significant effect on nuclear dynamics ( Figures S5J-L) .
Together, our results suggest that apical mitotic nuclear migration increasingly depends on Dia-mediated actin polymerisation as development progresses. 
Defects in nuclear positioning upon Dia depletion can be rescued by mechanically reducing cell density
We subsequently asked whether the increasing cell density in the developing epithelium was responsible for the worsening defect in mitotic nuclear dynamics upon Dia depletion. To address the role of cell density in dependency on Dia, we investigated whether decreasing cell density in dia-RNAi discs would rescue defects in mitotic nuclear movement. We utilised our mechanical device to reduce cell density through tissue stretching and assessed mitotic nuclear positioning ( Figures   6A,B and S6A,B) . Wing discs at 120 hours AEL expressing dia-RNAi in whole wing pouch region were stretched for 30 minutes and then fixed. We then measured mitotic nuclear positions and observed a significant shift in the distribution of mitotic nuclei towards the apical surface upon mechanical stretch in both control and discs 
Discussion
Our findings demonstrate that nuclear movement required for apical mitosis in the pseudostratified Drosophila wing disc is mechanically regulated by tissue architecture. We use live imaging of the developing wing disc, in combination with analysis of fixed samples where the cell cycle stage can be unambiguously determined. We confirm through the combinatorial use of live and fixed analysis that in the wing disc, nuclear movement in mitosis, rather than G2 [25, 28, 29] , achieves apical mitotic positioning [26] (Figure 2 ). Furthermore, our fixed-tissue analysis of mitotic nuclear position recapitulates developmental stage specific differences in mitotic nuclear dynamics ( Figures 1E'-E '' , 2 and S1G'-G '') , thereby allowing us to 
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assess mitotic nuclear behaviours using fixed samples when mechanical and genetic perturbations of tissue architecture were not amenable to live imaging (Figure 3 ).
We show that mitotic nuclear dynamics change as development progresses and tissue architecture changes (Figures 1 and 2) . Previous studies had suggested that tissue density might influence IKNM in the crowded, vertebrate cortex PSE [28, 29] .
Here, we used genetic and mechanical perturbations to acutely modify tissue packing and directly show that nuclear density affects mitotic nuclear positioning ( Figure 3 ). Our data thus strongly suggests that the changes in nuclear density that accompany development mediate differences in nuclear dynamics.
Interestingly, we observe that apical mitotic nuclear velocity is lower in 72-hour wing discs, compared to 96-hour wing discs, even though pseudostratification and nuclear packing are lower at 72 hours AEL. The wing disc at 72 hours AEL is not yet clearly pseudostratified and the cells display simple, columnar-like morphology. It is possible that due to this morphology, mitotic rounding, which requires the cells to bring the lateral membranes together, is overall slower than at 96 hours AEL, when pseudostratification brings the cell membranes in close proximity even in non-mitotic cells ( Figure 2F-F'' ).
Notably, we also show that tissue folds dramatically alter nuclear dynamics, likely due to resultant differences in nuclear density. The positive apical curvature of the wing disc AEF increases nuclear crowding at the apical surface, leading to a reduced mitotic nuclear velocity compared to the ACF, in which the negative apical curvature displaces nuclei basally. Tissue curvature and folding exists in many PSE, including the developing intestine [12] , the zebrafish retina [37] and the nervous system. It will be interesting to investigate whether curvature similarly affects nuclear organisation and IKNM dynamics in other tissues.
Our observations suggest a mechanism by which mechanically regulated nuclear dynamics as tissue-packing increases could impact tissue growth. Previous studies of PSE in the developing nervous system have hypothesised that tissue packing and proliferation are linked [13, 33], but no mechanism has so far been identified.
Interestingly, at 120 hours AEL when we observe a significantly slowed mitotic nuclear velocity (Figure 2) , the wing disc is approaching growth arrest. Previous studies of wing disc growth demonstrate a marked increase in cell cycle length and a reduced mitotic index at 120 hours AEL compared to wing discs at 72-96 hours AEL [32, 38] . Our findings indicate that increasing cell density could increase the length of mitosis, as apical migration is delayed, suggesting a possible mechanism directly linking tissue packing and cell cycle length. Interestingly, genetically increasing Rok activity in the wing disc has been shown to increase cell numbers, while reducing Rok activity reduces cell numbers [41] .
Therefore, regulating mitotic nuclear dynamics could be tightly linked to wing disc growth control. How Dia expression influences cell numbers in the wing disc is open to further research.
In summary, our results reveal how the mechanical environment imposed on cells confined within a tissue can influence molecular and cellular mechanisms regulating nuclear movement. Future studies will be required to dissect how exactly feedback between tissue architecture and single cell behaviour controls global tissue growth and morphogenesis.
Materials and Methods
Contact for reagent and resource sharing
Further information and requests for resources and reagents should be directed to and will be fulfilled by Dr. Yanlan Mao (y.mao@ucl.ac.uk) and Prof Ewa Paluch (e.paluch@ucl.ac.uk).
Experimental model and subject details
Drosophila melanogaster
Fly stocks were raised in non-crowded conditions on standard cornmeal molasses fly Imaging: Samples were imaged using a Leica SP5 or SP8 inverted confocal microscope with a 40X objective, 1-2X zoom, 0.35 µm depth resolution and 1024 2 or 512 2 XY pixel resolution.
Live imaging
Pouch region sample preparation: Discs were dissected as described above. Discs were transferred in dissecting media to Fluoro glass-bottomed dish and positioned apical side down onto a 0.4 µl line of Cell-Tak (Corning, 354240) (previously dried onto glass-bottom on heat plate set to 29 o C). A further 1 ml of dissecting media was added before sealing the dish with parafilm.
Fold region sample preparation: Discs mounted as described for pouch region with the exception of the basal fold, which is instead mounted basal side down.
CK666 sample preparation: Dissected discs were incubated in 80 µM in dissecting media for 30 minutes prior to assembling for live imaging, as conducted for pouch region imaging.
Imaging: All live imaging was carried out using an inverted Zeiss LSM880 microscope with 40X oil lens, 2X zoom, 512by256 XY resolution and 0.5 µm depth resolution for confocal stack imaging. The LSM880 Airyscan detector was used in confocal setting for sensitive imaging. Laser settings and resolution were identical for each individual experimental group and for enGal4, RNAi expression experiments, both tissue regions were in the same field of view.
Wing disc stretch and compression
Larva were dissected as for immunofluorescence and live imaging experiments. The assembly and use of the stretcher device has been previously described [36] .
Specific to this work, discs were loaded into the device so the manipulation was applied bi-directionally along the anterior-posterior axis and held for 30 minutes.
Compression was applied by pre-stretching PDMS membranes prior to disc loading.
The loaded PDMS was then relaxed to compress the tissue along the anteriorposterior axis. Tissues were fixed directly within the device with 4% PFA in PBS, for 15 minutes before transferring discs to a glass-well dish for a further 15 minutes of fixing. Immunostaining is carried out as described above.
Quantification and statistical analysis
Quantification of epithelial morphology
To measure the height of the epithelia, nuclear layer, nuclear region, apical proliferative zone and the basal nucleus free zone, confocal stack images were "resliced" in ImageJ along the dorsal-ventral axis. For yw, mechanically-perturbed and trol-RNAi discs, measurements were taken from the anterior third, centre and posterior third of the pouch region. Three intensity profile measurements from the apico-basal axis were obtained from the DAPI channel as shown in Figure S1A 
Quantification of nuclear density
Density was calculated as in Bittig et al., 2009 [31] . 3-5 segments of 50-90μm 2 apical surface areas were sampled per disc and "resliced" to present the z-sectioning in Image J. The volume of the nuclear region was calculated by multiplying the apical surface area measurement by the height of the nuclear layers. 3 wing discs were measured per condition, and each density measurement collated and presented to demonstrate the range across the wing disc.
Quantification of mitotic positioning in fixed tissue
In the pouch region of the wing disc, the mitotic distance was obtained by measuring the distance from the centre of the PH3+ nuclei to the apical surface, as marked by F-Actin as illustrated in Figure 1E . To obtain a position with respect to the region in which the mitotic nuclei could translocate, the mitotic distance was divided by the average height of the nuclear region as illustrated in Figure S1G . To plot the distribution of nuclei for each measurement type, the data points from each age- For supplementary movies and montage images the drift corrected time-lapse imaging were subject to background subtraction (rolling ball radius 30, ImageJ) and 3D Gaussian filtering (1.0 pixel diameter) before presenting.
Apical mitotic rate determination
The start of apical mitotic movement was determined by the initiation of persistent apical movement and cortical Sqh-GFP enrichment, whilst the final position was determined at the metaphase, assessed from the nuclear tracks and the respective live imaging. The distance between these two points was divided by the length of time taken to calculate the apical mitotic rate for each track.
To compare the fold effect of dia and Rok RNAi expression on apical mitotic rate, each apical mitotic rate measurement was divided by the average mitotic rate measurement for the control condition at the respective disc age (the average of all tracks, across all discs at the respective developmental stage).
Calculation and assessment of mean squared displacement profiles
The mean squared distance of a trajectory for a given time lag △ ! is calculated from the average of squared displacement all data couples separated by △ !. For a trajectory of N data points and a data collection interval of !", the MSD for lag △ ! = !!!" becomes: With a power law model, !"# △ ! = 2! △ ! ! , stochastic diffusive motion corresponds to values of ! close to 1, making the best fit a linear fit. A directional diffusion with flow model on the other hand fits best with a quadratic model,
Linear and second-degree polynomial quadratic fits are calculated for each of early and late phases, with a forced interception at the origin. The goodness of fit is assessed by the R 2 value of the fitted model, coupled by visual inspection.
Statistical analysis
Microsoft Excel 2011, Matlab 2016 and Prism 7 Software were used to present data and conduct statistical analysis. The respective statistical tests are described in the figure legends.
For epithelial morphology analysis, a minimum of three discs were used per condition. For fixed tissue analysis of mitotic position, a minimum of 5 discs were used per condition. For live nuclear tracking, a minimum of three discs were used per condition. The following statistical significance cut off was applied: n.s. p>0.05, * p<0.05, **p<0.01, ***p<0.01, ****p<0.0001. (A-C) Individual nuclei tracks from the wing disc pouch region at 72, 96 and 120 hours AEL respectively, expressing Sqh-GFP and His RFP, obtained by measuring distances illustrated in Figure 2F . 0 minutes is defined by metaphase nucleus prior to anaphase separation. (D) The position at the onset of apical nuclear movement, used to calculate mitotic nuclear velocity in Figure 2E . (E) Mean square displacement R 2 values for linear and polynomial fits for early and late phase of nuclear tracking, as shown in Figure 2B '-D' at wing disc developmental stages. (F-G) Individual nuclei tracks from the wing disc fold regions described in Figure 2G and averaged in Figure 2J . 
